Dialing in EGFR Signaling  by Kennedy, Eileen J. & Kannan, Natarajan
Chemistry & Biology
PreviewsDialing in EGFR SignalingEileen J. Kennedy1,* and Natarajan Kannan2
1Department of Pharmaceutical and Biomedical Sciences, University of Georgia College of Pharmacy, Athens, GA 30602, USA
2Department of Biochemistry and Molecular Biology, Institute of Bioinformatics, University of Georgia, Athens, GA 30602, USA
*Correspondence: ekennedy@uga.edu
http://dx.doi.org/10.1016/j.chembiol.2015.06.001
The ErbB family is a subfamily of receptor tyrosine kinases (RTKs). In RTKs, ligand binding at the extracellular
region triggers diverse cytoplasmic signaling cascades. Exactly how ligand binding is translated into specific
signaling outcomes remains incompletely understood. In this issue, Doerner et al. (2015) provide insights into
a role that the juxtamembrane (JM) region of a representative ErbB kinase, EGFR, plays in this process.Epidermal growth factor receptor (EGFR)
is a receptor tyrosine kinase (RTK) that
plays an important role in cells by regu-
lating diverse cellular processes including
cell differentiation and proliferation. This
transmembrane protein is part of the
ErbB family of RTKs and includes an
extracellular receptor and an intracellular
kinase domain. The receptor can bind
various growth factors, thereby altering
its conformation and inducing receptor
dimerization. This allows for subsequent
dimerization and activation of the kinase
domains to elicit a cellular response.
Although EGFR is perhaps the most
studied and structurally characterized of
the RTK family, many questions remain
regarding the underlying mechanisms
required for EGFR activation. Further, it
is also unclear how different extracellular
growth factors can induce discrete intra-
cellular responses including receptor
downregulation versus receptor recy-
cling, all of which are mediated through
EGFR signaling. Because EGFR must
somehow elicit distinct responses that
are contingent upon the extracellular
stimuli, Schepartz and colleagues used a
clever approach to specifically interrogate
changes in the juxtamembrane (JM)
region of EGFR in response to various
stimuli as a possible mechanism for
translating these intracellular messages
(Doerner et al., 2015; Figure 1).
The JM region of EGFR links the
transmembrane sequence with the kinase
domain. Receptor dimerization brings
the JM sequences in proximity of one
another, and one half of the JM sequence,
JM-A, was previously shown to dimerize
as an antiparallel coiled coil (Jura et al.,
2009). Further, dimerization of the JM-A
segments promotes formation and
stabilization of the kinase dimer to sup-port kinase activation (Red Brewer et al.,
2009). The JM region also appears to
play important role in signaling and in-
cludes multiple protein binding sites,
phosphorylation sites, and sorting signals
(Hake et al., 2008). Thus, the JM-A
segment likely plays a critical role in
relaying the signal from the extracellular
stimuli.
As a strategy to investigate the confor-
mation of JM-A in response to stimuli,
the authors previously developed a sys-
tem using biarsenical dyes with bipartite
tetracysteine display as a strategy to
interrogate protein-protein interaction
(PPI) interfaces (Luedtke et al., 2007).
Zooming in on the JM-A region of EGFR,
they applied this system to look at JM-A
dimerization and found that EGF and
TGF-a induced two distinct conforma-
tions (Scheck et al., 2012). However,
because EGFR can bind multiple ligands,
it remained unclear what response would
be elicited by different growth factors. In
the current study, the authors compre-
hensively investigated JM-A conforma-
tions following stimulation using seven
distinct growth factors (Doerner et al.,
2015). In addition, they used multiple tet-
racysteine mutants of EGFR so as to
probe all possible PPI interfaces that
could be formed by JM-A dimers. Mu-
tants that elicited a fluorescent response
were further verified by EGFR autophos-
phorylation to confirm activation as well
as substrate phosphorylation. Intrigu-
ingly, the authors found that the JM-A he-
lices rotated to present different surfaces
for dimerization and that this rotation was
dependent on individual growth factors.
Further, the elicited helical rotations
were notably significant in magnitude
where some stimuli caused the JM-A to
nearly flip over so as to present a distinctChemistry & Biology 22, June 18, 2015PPI interface. In all, three discrete active
conformations of the JM-A coiled coil
were identified, implicating a fascinating
mechanism for relaying different cellular
responses.
EGFR (ErbB1), ErbB3, and ErbB4 un-
dergo a ligand-induced structural change
to form an extended conformation upon
growth factor binding, andmultiple crystal
structures of the receptor portion of ErbB
proteins bound to growth factors reveal
that ligands can induce two distinct dimer
interfaces: ‘‘flush’’ or ‘‘staggered,’’ which
may act as a mechanism for negative
cooperativity to regulate ErbB activation
(Liu et al., 2012). On the other hand, no
growth factors have been identified
as ligands for ErbB2, and this receptor
therefore does not require ligand-induced
activation. As an additional level of com-
plexity, only a single ligand is required
for receptor dimerization (Liu et al., 2012)
and the ErbB proteins can form heterodi-
meric complexes. How, then, do the
distinct rotational conformations of JM-A
‘‘dial in’’ discrete signaling events through
the receptor?
The relay of signal from the growth fac-
tor to the receptor can also be mediated
by dimer interactions stemming from the
transmembrane region of EGFR. EGFR
activation was found to require dimeriza-
tion of the transmembrane helices and
this promoted dimerization of the JM-A
helices (Arkhipov et al., 2013; Endres
et al., 2013). It remains unclear how
rotation of the JM-A helices impacts the
structure and interactions formed by
the transmembrane dimer and whether
this ultimately can impact the structure
of the extracellular receptor. Further, it
is unknown whether it may have any
effect on the asymmetric kinase dimer
interface.ª2015 Elsevier Ltd All rights reserved 687
Figure 1. The Rotational Influence of the Juxtamembrane on EGFR Activity
Upon growth factor binding and receptor dimerization, juxtamembrane-A (JM-A) forms a coiled coil.
Depending on which growth factor binds the receptor, the JM-A helices can rotate relative to one another
to form distinct active coiled coil conformations. These rotational changes may act as a regulatory
mechanism for downstream signaling. A sequence alignment of the JM region is shown for EGFR
orthologs from diverse organisms and from across the ErbB family in humans. Nematodes and flies
notably lack multiple conserved acidic and basic residues in JM-A. The ‘‘other’’ category includes three
species: Aplysia californica, Metaseiulus occidentalis, and Strongylocentrotus purpuratus.
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thologs in nematodes and insects may
shed light on the evolution of JM confor-
mational flexibility and ligand diversity
since these organisms express a single
receptor and respond to a single EGF-688 Chemistry & Biology 22, June 18, 2015 ªlike ligand (Shilo, 2005). Interestingly,
comparisons of JM sequences across
species indicate key differences. In
particular, EGFR orthologs in nematodes
and flies lack the acidic and basic resi-
dues involved in the anti-parallel helix2015 Elsevier Ltd All rights reservedcapping interactions, suggesting that
allosteric coupling between the extra-
cellular and intracellular regions may be
differentially regulated in these organ-
isms. An important goal for the future will
be to understand how sequence variation
in the JM segment contributes to the
evolution of conformational flexibility and
ligand diversity in EGFR.
Although EGFR is the best character-
ized RTK, many fundamental questions
remain regarding regulation, activation,
and downstream signaling. Allosteric
communication between the individual
structural components of the receptor
remains a huge unknown in understand-
ing EGFR regulation. Coupling the rota-
tional influence of the JM helices with
the other structural components involved
in ErbB receptor dimerization will be
critical for understanding the influence
and interplay that consequently leads to
discrete ErbB signaling events. Additional
crystal structures, computational models,
and biochemical studies of the full-length
receptor bound to various ligands will
ultimately be needed to elucidate these
questions.
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